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Seed infection in a susceptible, permeable seed coat genotype of soybean (cv. Forrest) was compared to that in hardseeded lines
possessing the impermeable seed coat character. Injection of Phomopsis longicolla conidia into seed cavities of pods produced
high levels of seed infection in Forrest and demonstrated the resistance of a hardseeded line, D67 -5677-1. In this hardseeded line,
and three other hardseeded lines, resistance to naturally occurring infection by Phomopsis was consistently expressed during 8
years of experimentation. Some degree of resistance to naturally occurring seed infection by Fusarium pallidoroseum (syn. F.
semitectum), Alternaria alternata, and Cercospora kikuchii was also observed, but less consistently. Frequencies of occurrence of
impermeable seeds and of seeds infected with Phomopsis were negatively correlated. Although evidence indicated that seed
impermeability per se conferred resistance to Phomopsis, other data suggested that impermeability alone did not account for this
resistance. Some hardseeded lines appeared to have resistance to seed coat mottling caused by soybean mosaic virus . Incidence of
mottled seeds and incidence of impermeable seeds were negatively correlated.
Roy, K. W., B. C. Keith, and C. H. Andrews. 1994. Resistance ofhardseeded soybean lines to seed infection by Phomopsis, other fungi,
and soybean mosaic virus. Can. J. Plant Pathol. 16:122-128.
On a compare !'infection des semences d'un genotype sensible du soya (Forrest) a semences a teguments permeables avec celle
des semences a teguments impermeables des lignees a semences a teguments durs. L'injection de conidies de Phomposis longicolla dans des cavites des cosses a produit une infection grave des semences de Forrest alors que la lignee a teguments durs D675677-1 s' est averee resistante. Cette lignee ainsi que trois autres se sont revelees resistantes a des infections naturelles de
Phomopsis pendant une periodfe de 8 ans d' experimentation. On a observe egalement une certaine resistance a des infections
naturelles par les Fusarium pallidoroseum (syn. F. semitectum), Alternaria alternata et Cercospora kikuchii, mais de fa<_;on moins
consistante. Les frequences de presence de semences impermeables et des semences infectees avec le Phomopsis furent negativement reliees. Malgre l'evidence que l'impermeabilite des semences en soi conferait la resistance au Phomopsis, d'autres donnees
suggeraient qu'elle n'etait pas le seul facteur pour expliquer cette resistance. Quelques lignees a teguments durs semblent etre
resistantes ala bigarrure des teguments causee par le virus de la mosa'ique du soya. L'incidence de semences bigarrees et !'incidence des semences impermeables etaient reliees negativement.

The viability of soybean (Glycine max (L.) Merr.)
seeds declines below the desired minimum of 80% in
some areas of the southeastern United States almost
annually, resulting in local and regional shortages of
high-quality seeds (13,25). Cultivars that mature
early for a given region are often the most problematic because they are more often exposed to periods of
higher temperature, rainfall, and relative humidity
during the post-maturation, preharvest period than are
later-maturing cultivars. When seed maturation
occurs under such adverse conditions, infection of
seeds by fungi is generally highest (2, 16,20,
35,37 ,38,40). In the southeast, most of the problem
cultivars belong to maturity group V (13,27 ,29).
Soybean seeds are colonized internally by numerous pathogenic fungi capable of adversely affecting
seed quality (2,22,34). Of the seed pathogens, members of the Diaporthe/Phomopsis complex are generally acknowledged to be of major importance. This
complex consists of Phomopsis longicolla T.W.
Hobbs; Diaporthe phaseolorum (Cooke & Ellis)
Sacc. var. sojae (S.G.Lehman) Wehmeyer (anamorph
Phomopsis phaseoli (Desmaz.) Sacc., syn. P. sojae
S.G. Lehman); and D. phaseolorum (Cooke & Ellis)
Sacc. var. caulivora K.L. Athow and R.M. Caldwell

(2, 12,17,34 ). Latent infection of immature and
mature pods by these fungi eventually spreads to
immature and mature seeds, resulting in symptomatic
or asymptomatic seed infection (14-16,22). Seed
infection reduces seed quality, as expressed by lowered viability, moldy seeds, seed decay during germination, and reduced emergence (2, 16,32,34,37).
Collectively, this symptomatology is known as phomopsis seed decay (12,16,37), and the causal fungi
are generally referred to as Phomopsis or Phomopsis
spp. In past literature, especially before P. longicolla
was distinguished from D. phaseolorum var. sojae,
isolates of such fungi from seeds were reported as
Phomopsis spp., Diaporthe spp., or D. phaseolorum
var. sojae (2,12). P. longicolla and P. phaseoli are
more frequently isolated from seeds (12, 1416,23,39), as well as pods (14-16,22,23), than is D.
phaseolorum var. caulivora. P. longicolla is generally recognized as the species most virulent on seeds,
and much of the seed decay that occurs is attributed
to this fungus (12,14-16,33,34,39). Seed infection by
Phomopsis spp. increases markedly from growth
stage R6 to harvest maturity (stage 8) (4,16,20-22),
and usually continues to increase with delayed harvesting (14,36,40).
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Aside from a direct effect on seeds, Phomopsis spp.
may also lower market grade by increasing the number
of moldy beans, lowering test weight, or increasing the
number of split beans. Quality of meal and oil may be
reduced (1 0), and seeds may become contaminated by
mycotoxins produced by Phomopsis spp. (19).
Many of the cultural and chemical methods of controlling soybean seed diseases (2,34) are only partially
effective and are costly. The ideal control of phomopsis seed decay and other seedborne fungi would be
cultivar resistance. At present, no widely grown cultivar is resistant to phomopsis seed decay or to other
seedborne fungi, although variation in susceptibility to
phomopsis seed decay (1,2,5,24,29,33, 36,42,43) and
to purple stain of seeds caused by Cercospora kikuchii
(Matsumoto & Tomoyasu) M. W. Gardner
(2,24,31,32,41) has been reported. Data on resistance
of seeds to infection by Alternaria alternata (Fr.:Fr.)
Keissl. and Fusarium spp. are lacking (6).
In recent years, soybean lines producing a high
percentage of impermeable seeds, or "hard seeds",
have shown promise in reducing seed deterioration
due to weathering, infection by fungi, or both
(7,8,13,18,25-27,42). Hardseedness is a type of seed
dormancy resulting from reduced permeability of the
seed coat to water (27). Although the exact mechanism of water impermeability is unclear, Duangpatra
(8) hypothesized that the extra-hilar portion of the
seed coat contained a water-impermeable substance
in the cell walls and that water absorption through the
hilar region was prevented by the deposition of a
band of suberin located in the cells of the inner palisade layer. This layer became impermeable to water
when seed moisture was reduced to or below 14%. In
impermeable seeds, the suberin deposits formed a
continuous layer, whereas in permeable seeds the
deposits were in the form of droplets with spaces in
between allowing passage of water. The impermeable
seed coat character was very beneficial in maintaining high seed viability under unfavorable weather
conditions that severely reduced the viability of normally permeable soybean seeds. Dassou and
Kueuneman (7) obtained a positive correlation
between impermeable seeds and seedling emergence
after incubator weathering.
Only two reports attempted to relate hardseededness to resistance of soybean seeds to fungi. Yaklich
and Kulick (42) compared impermeable seeds of a
hardseeded cultivar ('Sooty') and line (D67-5677)
with permeable seeds of 'Williams' and 'Ware' by
exposing detached field-grown pods (growth stages
R6 to R8) to in vitro conditions conducive to seed
infection. When percentage of seeds infected with P.
phaseoli was averaged across the two impermeable
seed coat genotypes, the figure for the impermeable
genotypes was significantly less than that for the per-
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meable genotypes. However, perhaps owing to differences in maturity, direct comparisons of Sooty (group
IV) or D67 -5677 (group V) with Williams (group III)
or Ware (group IV) were not reported. In a field
study (18), a nonstatistical comparison of four impermeable with four permeable seed coat genotypes
showed that the former genotypes had less P. phaseali seed infection. A statistical comparison of one
impermeable with one permeable seed coat genotype
from each of three maturity Groups ( III,IV, and V )
showed that in each comparison the impermeable
seed coat genotype had the least P. phaseoli seed
infection. Because weather conditions during maturation did not favor infection in the group V pair, analysis of that comparison was based on low levels of
seed infection (< 10%) in each of two years.
The potential of hardseeded soybean lines to resist
seed infection by fungi has not been fully assessed
under field conditions. Attempts to document this
apparent resistance have been made only in connection with P. phaseoli (18,42). Field data on the resistance of impermeable seeds to P. longicolla is lacking.
Information on seed pathogens considered less important, but still capable of reducing seed quality, is lacking as well. Moreover, comparisons of seed infection
levels in hardseeded versus permeable seed coat genotypes of the same maturity group have been infrequent
or inconsistent (18,42). Since weather conditions during pod and seed maturation greatly influence occurrence and severity of seed infection (36-38,42), it is
essential that test cultivars in a comparison be exposed
to the same or similar weather conditions.
Artificial inoculation has not been utilized in the
field to confirm or determine reactions of hardseeded
soybean lines to phomopsis seed decay. High levels
of purple seed stain were obtained in the field, as well
as in the greenhouse, when pods were injected with
conidia of C. kikuchii (30). If successfully applied in
studies with phomopsis seed decay, this technique
would offer an alternative to reliance on natural
inoculum in the field, where insufficient disease pressure or disease escape may occur.
In this long-term field study, experiments were conducted with hardseeded soybean lines of group V
maturity to determine their degree of resistance to
selected seedborne fungi. In early investigations
(1980-1984), reaction of the hardseeded experimental
line D67-5677-1 to Phomopsis was emphasized. From
1985 to 1987, plant breeders and seed technologists
screened numerous hardseeded lines for agronomic
characteristics and resistance of seeds to field deterioration due to weathering. When the lines became
available for pathological studies, selected lines from
the "D86 series" were screened for resistance to phomopsis seed decay and to seed infection by C.
kikuchii, A. alternata, and Fusarium pallidoroseum
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(Cooke) Sacc. (syn. F. semitectum auct. non Berk &
Ravenel). This paper reports the results of these investigations and describes an inoculation technique
potentially useful for detecting or confirming resist,ance of soybean seeds to phomopsis seed decay.

Materials and methods
Experiments with hardseeded D67-5677-1 (D-1).
Three types of experiments were conducted at the
Mississippi State University Plant Science Research
Center, Starkville, Mississippi. The soybean cultivar
Forrest, which is susceptible to field deterioration and
phomopsis seed decay (authors, unpublished), represented the susceptible check. Incidences of pod infection and seed infection in Forrest were compared with
those in line D67 -5677-1 (hereafter referred to as D1), a line that had been selected by plant breeders and
seed technologists based on the production of impermeable seeds and apparent resistance to field deterioration. In all experiments, seeds of D-1 were scarified
prior to planting.
In the first type of experiment, the relationship
between naturally occurring infection of pods and
infection of seeds by Phomopsis was investigated.
Cultivar Forrest and D-1 were planted in May 1980
and 1981 on a Catalpa silty clay loam soil in a randomized complete block design with four replications.
Plots consisted of three rows each 6.1 m long and 3 m
apart. At harvest maturity (stage R8), pods and seeds
were harvested from the center row of each plot. Using
a paper punch, one pod disk was excised from each of
20 three-seeded pods per plot. Fifty seeds were randomly sampled from the pods. Pod disks and seeds
were surface-disinfested in 1% N aOCl for 1 min,
rinsed in sterile water, and plated on Difco (Difco
Laboratories, Detroit, MI) potato-dextrose agar (PDA).
Ten pod disks and seeds were evenly distributed on
separate plates. During 2 wk of incubation at 25°C, the
number of pod disks and seeds colonized by
Phomopsis spp. (composite of P. longicolla and P.
phaseoli) was recorded. To determine the percentage
of impermeable seeds, 50 seeds per plot were placed in
distilled water for 24 h. Seeds that did not imbibe
water were recorded as impermeable, and those that
imbibed water were recorded as permeable.
In the second type of experiment, artificial inoculation was used to compare levels of P. longicolla seed
infection in D-1 and Forrest in 1980 and 1981. Plot
design and planting dates were as described above.
Alpha conidia of a monoconidal isolate of P. longicolla obtained from an infected soybean seed were
streaked onto PDA and cultures were exposed to a
12-h photoperiod of fluorescent light (150 wm-2) for
1 wk at 24 °C. Conidial suspensions were prepared by
flooding cultures with sterile distilled water containing one drop of Tween-80/100 mL and dislodging

conidia from pycnidia with a camel's hair brush.
Suspensions were adjusted to 3.8 x 105 conidia/mL
for inoculum. At growth stage R7, a 26-gauge hypodermic syringe was used to inject ca. 0.02 mL of the
conidial suspension into seed cavities of 40 randomly
selected three-seeded pods per plot. To avoid wounding seeds, the syringe needle was inserted into the
locular gaps between adjacent seeds (30). For controls, water was injected into an equal number of
pods. Pod wounds created by the injections were covered with petrolatum to prevent desiccation and contamination of inoculum. At growth stage R8, seeds
were removed from pods and 100 randomly sampled
seeds per plot were bioassayed for P. longicolla as
described in the first experiment. Time of inoculation
was based on reports that most seed infection by
Phomopsis spp. occurs between growth stages R6 and
R8 (16,20-22), that the onset of impermeability
occurs at approximately stage R 7, and that maximum
impermeability occurs by stage R8 (8).
In the third type of experiment, conducted from
1982 to 1984, the comparative responses of Forrest
and D-1 to naturally occurring infection of seeds by
Phomopsis, F. pallidoroseum, A. alternata, and C.
kikuchii were determined. Plot methodology and bioassay of seeds were as described in the first experiment.
Each year, seeds were planted in mid to late May.
Data were analyzed by analysis of variance. Means
were separated with the LSD test.
Experiments with the hardseeded D86 series of
lines. Two types of experiments were conducted. In
both, seeds of hardseeded lines were scarified prior
to planting.
The first type of experiment was designed to determine the relative degree of resistance of hardseeded
lines to seed infection following delayed harvest and
exposure to field weathering. Forrest again represented the susceptible check. In June 1988, Forrest and
the hardseeded lines D86-4629, D86-4565, and D864669 were established in Starkville, MS, in a randomized complete block design with three replications.
The hardseeded lines were selected from among other
D86 lines previously screened for resistance of seeds
to field deterioration (authors, unpublished). D864629, D86-4565, and D86-4669 represented lines
identified as having the lowest, intermediate, and
highest levels of resistance to field deterioration,
respectively. Plots consisted of four rows each 6.1 m
long and 3 m apart. Eight wk after growth stage R8,
40 pods from the two center rows of each plot were
randomly sampled and 100 hand-threshed seeds per
plot were obtained for bioassay. The methodology for
determination of percentage impermeable seeds and
for the fungus bioassay was as described in the D-1
experiment. In addition, observing that a relatively
high frequency of seed coat mottling, caused by soy-
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bean mosaic virus (SMV, 34 ), occurred among the
lines in 1991, we then began monitoring levels of this
infection. The percentage of seeds with mottled seed
coats was determined by examining seeds with a 20 x
Uluminated magnifier. A repeat trial was planted in
May 1991.
In the second type of experiment, visual quality
characteristics of Forrest and D86-4565 seeds were
compared. Seeds of these two genotypes from the
1991 Starkville and 1992 Macon plots were examined with a 20 x illuminated magnifier to determine
the percentages of purple-stained seeds, seeds with
fissured or wrinkled seed coats, and chalky or moldy
dead seeds. A repeat trial was planted at Macon, MS,
in May, 1992 on a Brooksville silty clay soil. In
1992, seeds were bioassayed for fungi as described
previously.
Data were analyzed by analysis of variance. Means
were separated with the LSD test.
Results
Experiments with hardseeded D67-5677-1 (D-1).
There was no significant difference in the frequency
of internal colonization of pods by Phomopsis in D-1
and Forrest (Table 1). However, seed infection was
significantly less in D-1 than in Forrest.
Injection of P. longicolla conidia into seed cavities
of D-1 and Forrest pods produced significantly higher
levels of seed infection than occurred in the controls
of either genotype (Table 2). In both years, D-1 had
significantly less seed infection than Forrest.
Percentages of impermeable seeds in D-1 in 1980 and
1981 were 32 and 22%, respectively. Forrest had less
than 2% impermeable seeds both years.
In each of three trials, D-1 had significantly less
naturally occurring Phomopsis seed infection than
Forrest (Table 3). In two of the trials, D-1 seeds also
had significantly less F. pallidoroseum and A. alternata infection than Forrest. Frequency of seed infection by C. kikuchii was low in both genotypes, but in
one trial significantly less infection occurred in D-1
Table 1. Relationship between naturally occurring colonization of
pods and infection of soybean seeds by Phomopsis spp. in a permeable (Forrest) and an impermeable (D67-5677-1) seed coat genotype
Pod tissue disks colonized
and seeds infected(%

r

1980

Genotype
Forrest
D67-5677-1

Pod
tissue
disks
31 a
34 a

1981

Seeds

Pod
tissue
disks

Seeds

22 a
3b

54 a
49 a

33 a
7b

zwithin years and columns, means followed by the same letter are
not significantly different (P ~ 0.05), according to the LSD test.
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Table 2. Effect of injecting Phomopsis longicolla conidia into seed
cavities of a permeable (Forrest) and an impermeable seed coat
genotype (D67-5677-l) at soybean growth stage R7 on the incidence of seed infection by P. longicolla
Seeds infected with P. longicolla (% )z
1980
Genotype
Forrest
D67-5677-1

Inoculated
90 a
30 b

*
*

1981
Control

Inoculated

20 a
11 b

98 a
47 b

Control

*
*

28 a
7b

zwithin years and columns, means followed by the same letter are
not significantly different (P ~ 0.05), according to the LSD test.
* = Significant difference (P ~ 0.05) between treatment and control, according to the LSD test.

than in Forrest. Percentages of impermeable seeds in
D-1 in 1982, 1983, and 1984, were 44.3, 41.0, and
34.3%, respectively. Each year, Forrest had less than
1% impermeable seeds.
Experiments with the hardseeded D-86 series of
lines. In 1988 and 1991, mean Phomopsis seed infection levels were relatively high and ranged from
67.4% to 13.7% (Table 4). Mean SMV infection levels also were relatively high, ranging from 42.0% to
8.3%. Frequency of seed infection by F. pallidoroseum, A. alternata, and C. kikuchii was low. In 1988
and 1991, each of the hard seeded lines had significantly less Phomopsis seed infection than Forrest,
and D86-4669 had significantly less than D86-4565
and D86-4629. No significant differences in amount
of F. pallidoroseum and A. alternata seed infection
occurred between the hardseeded lines and Forrest. In
1991, D86-4629 and D86-4565 had significantly less
C. kikuchii seed infection than Forrest. In 1988 and
1991, D86-4565 and D86-4669 had significantly
fewer mottled seeds than Forrest.
Significant negative correlations occurred between
percentages of Phomopsis seed infection and impermeable seeds (r = -0.78, r 2 = 0.60; P < 0.03), and
between percentages of mottled seeds and impermeable seeds (r = -0.77, r2 = 0.59; P< 0.03) (calculated
from data in Table 4 ). Significant positive correlations occurred between percentages of Phomopsis
seed infection and mottled seeds (r = +0.65, r2 = 0.42;
P< 0.09). Correlation of impermeable seeds with F.
pailidoroseum, A. alternata, or C. kikuchii seed infection was low and statistically insignificant.
Significantly fewer seeds with fissured or wrinkled seed coats occurred in D86-4565 than in
Forrest each year (Table 5). Fewer chalky or moldy
dead seeds occurred in D86-4565 in 1992. The frequency of purple-stained seeds was similar in both
genotypes. In 1992, significantly (P< 0.05) more
Phomopsis seed infection occurred in Forrest
(17.1%) than in D86-4565 (7.3%); significantly
more C. kikuchii infection occurred in Forrest
(7 .3%) than in D86-4565 (3.0% ).
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Table 3. Incidence of naturally occurring fungal infection of soybean seeds in a permeable
(Forrest) and an impermeable (D67-5677-1) seed coat genotype
Seed infection(%)
Year and genotype

A. alternata

Phomopsis spp.

F. pallidoroseum

41.6 az
4.3 b

11.8 a
1.5b

2.2 a
0.5 a

3.5 a
0.3 b

25.5 a
9.5 b

10.5 a
8.5 a

25.0 a
13.5 b

6.5 a
6.5 a

13 .3 a
2.0 b

41.0 a
10.7 b

13.7 a
3.3 b

4.3 a
1.0 a

1982
Forrest
D67-5677-1
1983
Forrest
D67-5677-1
1984
Forrest
D67-5677-1

C. kikuchii

zwithin years and columns, means followed by the same letter are not significantly different
(P ~ 0.05), according to the LSD test.
Table 4. Comparative reactions of a permeable seed coat genotype
(Forrest) and three impermeable seed coat lines (D86 series) to
naturally occurring infection of soybean seeds by Phomopsis spp.
(PM), Fusarium pallidoroseum (FP), Alternaria alternata (AA),
Cercospora kikuchii (CK) , and soybean mosaic virus (SMV)
Seed infection (%)
Genotype
1988
Forrest
D86-4629
D86-4565
D86-4669
1991
Forrest
D86-4629
D86-4565
D86-4669

PM

FP

CK

SMVZ

3.0 a
0.7 a
0.7 a
1.7 a

36.0b
42.0 a
28.7 c
23.3 c

8.0 a
5.3 b
5.3 b
6.7 ab

16.7 a
19.7 a
9.7 b
8.3 b

AA

67.4 aY
50.0b
36.0 c
24.7 d

0.4
0.0
0.0
0.7

a
a
a
a

2.0
1.7
0.7
2.0

55.0 a
44.0b
28.0 c
13.7 d

2.7
2.0
2.0
3.3

a
a
a
a

7.7 ab
8.3 ab
6.3 b
9.0 a

a
a
a
a

YWithin years and columns, means followed by the same letter are
not significantly different (P~ 0.01) according to the LSD test.
zPercentage of seeds infected with soybean mosaic virus was based
upon visual inspection and enumeration of mottled seeds.

Mean percentages of impermeable seeds in Forrest,
D86-4629, D86-4565, and D86-4669 were 0.0, 5.6,
13.3, and J 1.3, respectively, in 1988; and 1.6,, 21.7,
57.3, and 61.0, respectively, in 1991. In the 1992 test
Table 5. Comparative seed quality characteristics of a permeable
seed coat genotype (Forrest) and an impermeable seed coat genotype (D86-4565)
Percentage of seedsz

Genotype
1991
Forrest
D86-4565
1992
Forrest
D86-4565

Purplestained

With
fissured ·
seed coats

With
wrinkled
seed coats

Chalky or
moldy,
dead

1.0 a
2.0 a

21.3a
14.7 b

77.7 a
56.7 b

25 .0 a
22.0 a

3.7 a
1.3 a

13.7 a
8.0 b

42.3 a
28.0b

9.7 a
5.3 b

zwithin years and columns, means followed by the same letter are
not significantly different (P~0.05) , according to the LSD test.

at Macon, 0.0 and 43.3% impermeable seeds
occurred in Forrest and D86-4565, respectively.

Discussion
Internal colonization of Forrest and D-1 pods by
Phomopsis was similar, whereas D-1 had significantly less Phomopsis seed infection than Forrest. Results
of the inoculations with P. longicolla further indicated that seeds, rather than pods, accounted for the
resistance of D-1 seeds; the pod wall was bypassed,
yet seeds expressed resistance. However, the possibility that pod structural or physiological resistance
mechanisms contribute to the resistance of D-1 seeds
cannot be disregarded. An apparent barrier between
the epidermis and endocarp in a genotype resistant to
P. longicolla seed infection appeared to retard growth
of the fungus through pod tissue and into seeds (31).
Although the response of D-1 to seed infection by
other fungi was less consistent than its response to
Phomopsis, it appears to have some degree of resistance to F. pallidoroseum and A. alternata. It could
not be determined whether D-1 was resistant to C.
kikuchii seed infection, because infection was very
low each year. Further studies to obtain conclusive
evidence seem warranted, since D-1 expressed a
resistant reaction to C. kikuchii in one of the test
years. A higher level of C. kikuchii infection produced through artificial inoculation would be more
conducive than natural infection in identifying resistari.t genotypes (24,30-32,41).
The injection technique used for inoculation produced high levels of seeds infected with P.
longicolla. Although time-consuming and tedious, it
has potential application, on a small scale, in detecting or confirming resistance to seed infection in the
field. Also, some evidence suggests it may be applicable under greenhouse conditions (30).
As with D-1, the D86 lines consistently expressed
resistance to Phomopsis seed infection. Even though
D86-4669 had lower levels of Phomopsis infection
than did D86-4565, this line is less agronomically
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desirable than D86-4565. D86-4629, the least resistant line, is also less agronomically desirable than
D86-4565 (B. Keith, unpublished). Thus, D86-4565
is the choice for immediate use in breeding programs
seeking resistance to Phomopsis, but D86-4669 also
is a valuable source of resistance.
As for the response of D86 lines to other fungi, the
levels of F. pallidoroseum and A. alternata seed
infection were too low to allow conclusions regarding
degree of susceptibility. D-1 (Table 3) is perhaps a
more promising source of resistance to these fungi.
D86-4565 and D86-4629 may have useful levels of
resistance to C. kikuchii but, as with D-1, higher disease pressure during screening is required to determine this.
The visual seed quality characteristics of D86-4565
were superior to those of Forrest (Table 5).
Apparently, higher quality seeds were associated with
lower levels of seed infection. Fissuring and wrinkling of seed coats and moldy or chalky dead seeds
have been associated with infection of seeds by fungi
(2,11,31,34).
Relatively high levels of resistance to seed coat
mottling and Phomopsis seed infection appear to
exist in both D86-4565 and D86-4669. Resistance to
SMV has been reported to contribute to reduced
infection of seeds by Phomopsis (28). This appears to
be consistent with the positive correlations between
mottling and Phomopsis seed infection observed in
the present study. However, Hepperly et al. (9) found
that inoculation of soybean plants with SMV at or
prior to flowering increased Phomopsis seed infection, whereas Stuckey et al. (35) reported little or no
effect on Phomopsis seed infection following inoculation with SMV. The influence that the PhomopsisSMV association has on the expression of resistance
to these two microorganisms needs to be determined.
The high negative correlation between percentage
impermeable seeds and percentage Phomopsis seed
infection further identified seeds as conferring resistance to Phomopsis. More directly, it points to seed
impermeability per se as conferring the resistance.
The r2 value indicates that about 60% of the variability in frequency of Phomopsis seed infection can be
explained on the basis of seed impermeability. The
negative correlation and the r2 value for the relationship between mottled seeds and impermeable seeds
suggests a similar interpretation.
We suggest caution in drawing the conclusion that
the apparently strong inverse relationship between
seed coat impermeability and seed infection applies
generally to hardseeded lines, because we have
obtained much lower correlations when different and
larger numbers of hardseeded lines were included in
correlation analyses involving Phomopsis seed infection (authors, unpublished). Potts (25) provided evi-
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dence that the resistance of a hardseeded genotype to
D. phaseolorum var. sojae was not solely due to
impermeability of seeds; permeable seeds also
appeared to contribute to the overall resistance.
Clearly, the percentages of impermeable seeds
recorded for the impermeable seed coat lines in the
present study are too low to account for resistance to
Phomopsis or to SMV based solely on impermeability. This is supported by the magnitude of the r 2 values, in that the variability in Phomopsis and SMV
seed infection is not fully explained by seed impermeability. We are currently attempting to determine
the relative contribution of permeable and impermeable seeds to resistance in hardseeded lines.
Infection of seeds by Phomopsis and other fungi in
susceptible Forrest was compared to that in lines possessing the impermeable seed coat character. Because
the impermeable lines and Forrest are of the same
maturity group, seeds of each matured at approximately the same time and were exposed to similar
weather and other environmental conditions.
Considering this and the consistency of responses
over years, the resistance in D-1 and the D86 lines to
Phomopsis, and to other fungi, to a lesser extent,
appears to be stable under variable weather and other
environmental conditions. This suggests a relatively
high level of heritability for the resistance, and the
hardseeded lines would therefore be suitable for use
in breeding programs seeking to develop cultivars
with resistance to seed infection. Data indicate that
the impermeable seed coat character in soybean is an
inherited trait (3,13).
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